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From Eqs. 3 and 4 we see that the starting solution of NaCl and K 2 CrO 4 is alkaline because a has to be negative, i.e., [ 
Combination of these equations gives 2− ] is the predominant chromium species (Fig. 1) . The related This article is the solution to the Analytical Challenge to be found at doi:10.1007/s00216-015-9273-2.
curves are plotted there on the basis of data presented in Table 1 of this Challenge [1] for different Cr species and without making simplifying assumptions as we did in the preceding paragraphs. Now let us turn to the titration of V 0 = 100 mL of NaCl (C 0 = 0.01 mol/L) + K 2 CrO 4 (C ind ). The addition of AgNO 3 solution results in the total volume of the mixture becoming V 0 + V, and the balances for Cl and Ag are as follows:
where [pr] is the concentration of AgCl in the system. Subtraction of Eq. 9 from Eq. 8 gives
Applying the relations [AgCl i
i , Eq. 10 becomes
where
Further, by assuming that the pH remains unchanged during titration, i.e., pH ≈ pH 0 , we can evaluate the numerical values of z 1 and z 2 , both of which are close to 1. Hence, Eq. 11 can be written as follows:
At the titration endpoint (end), V = V end , we have
At the equivalence point (eq) we have the relation C 0 V 0 = CV eq . Hence,
At the titration endpoint, V = V end , the solubility product K sp2 is crossed, i.e., [Ag + ] end 2 ·[CrO 4 2− ] end = K sp2 . At pH = pH end = pH 0 , CrO 4 2− predominates significantly over all other chromium species (Fig. 1) and it is still not consumed by silver nitrate, which acts mainly as a diluent at V ≤ V end . Hence,
Since AgCl is also the equilibrium solid phase in this sys-
] end . Gathering these expressions, we can rewrite Eq. 15:
Equation 19 can be solved for V end iteratively by inserting all known numerical values (C, C ind , C 0 , V 0 , K sp1 , K sp2 ). For the value C ind = 0.002 mol/L, we find that V end = 10.022 mL satisfies Eq. 19. Given that simple chemical stoichiometry suggests the equivalence point at V eq = 10 mL, ignoring the corrections due to solubility and other chemical processes leads to a 0.22% error. Results for other values of C ind are summarized in Table 1 . . Hence, these solubility products are not crossed.
Conclusion
Titration is still considered as a primary method of chemical analysis. From this example it is evident that the accuracy of the titration results can be significantly improved by better understanding of the physicochemical conditions of the system.
